Herpes simplex virus replicates its DNA within nuclear structures called replication compartments. In contrast, in cells in which viral DNA replication is inhibited, viral replication proteins localize to punctate structures called prereplicative sites. We have utilized viruses individually mutated in each of the seven essential replication genes to assess the function of each replication protein in the assembly of these proteins into prereplicative sites. We observed that four replication proteins, UL5, UL8, UL52, and UL9, are necessary for the localization of ICP8 (UL29) to prereplicative sites under natural infection conditions. Likewise, four of the seven viral DNA replication proteins, UL5, UL52, UL9, and ICP8, are necessary for the localization of UL8 to these sites. In contrast, all six of the other replication proteins are necessary for efficient localization of the viral DNA polymerase to prereplicative sites. On the basis of these results, we present a model for prereplicative site formation in infected cells in which the helicase-primase components (UL5, UL8, and UL52), the origin-binding protein (UL9), and the viral single-stranded DNA-binding protein (ICP8) assemble together to initiate the process. This is followed by the recruitment of the viral polymerase into the structures, a step facilitated by the polymerase accessory protein, UL42. Host cell factors can apparently substitute for some of these viral proteins under certain conditions, because the viral protein requirements for prereplicative site formation are reduced in transfected cells and in infected cells treated with drugs that inhibit DNA synthesis.
Seven viral gene products are required for replication of the herpes simplex virus type 1 (HSV-1) DNA genome in infected cells: the viral DNA polymerase (Pol) or UL30 gene product, the Pol accessory protein or UL42 protein, an origin-binding protein or UL9 protein, a single-stranded DNA-binding protein or ICP8 (UL29) protein, and a helicase-primase complex composed of the UL5, UL8, and UL52 proteins (reviewed in references 26 and 46) . In transfected cells, these seven viral gene products are sufficient for amplification of a cotransfected plasmid containing a viral origin of replication (6, 48) . Numerous interactions between these proteins have been documented, consistent with the existence of a replication complex involving these proteins. Biochemical and functional interactions between Pol and its accessory protein have been characterized extensively (8, 14, 21, 23, 33, 35) . The UL5, UL8, and UL52 proteins interact to form a stable complex with helicaseprimase activities (9, 49) . Evidence for a higher-order structure includes reports of interactions between Pol and ICP8 (7, 36, 42) , between UL9 and ICP8 (1, 2) , and between UL9 and UL8 (34) .
HSV DNA replication takes place in globular nuclear structures (12, 41) that have been called replication compartments (38) . The localization of the HSV ICP8 single-stranded DNAbinding protein was originally used to define these structures (38) . If DNA replication is blocked by the viral Pol inhibitor phosphonoacetic acid (PAA), hydroxyurea, or a Pol defect, ICP8 localizes to nuclear punctate structures called prereplicative sites (12, 38) . During the course of infection, ICP8 is initially localized (2 to 3 h postinfection) to a few punctate structures similar to prereplicative sites (12) . These structures become larger in size as viral replication begins, and by 3 to 4 h, globular replication compartments, often appearing to be clusters of prereplicative sites, start to form. At later times, the replication compartments nearly fill the nuclei of some cells. In contrast, if viral DNA replication is inhibited, the punctate structures remain the same size and dispersed as the infection progresses, but their number increases. By confocal microscopy, prereplicative sites and replication compartments appear to extend through a large portion of the nucleus along an axis perpendicular to the culture substrate (13) . By both conventional and confocal microscopy, replication compartments appear to be clusters of prereplicative sites (13) . Thus, several types of data suggest that structures similar or equivalent to prereplicative sites are precursors of replication compartments.
In addition to ICP8, several viral proteins localize to viral replication compartments, including UL9 (37), UL30 (3, 20) , UL42 (20, 37) , and ICP4 (28, 41) . Although UL5, UL8, and UL52 were initially reported to show diffuse nuclear staining patterns (37) , this study and other recent studies (11, 30) have shown localization of these proteins to replication compartments. In addition to ICP8, several viral proteins localize to prereplicative sites, including Pol (3, 20) , UL5 (30), UL8 (reference 30 and this work), and UL52 (11, 30) . Although they show localization to replication compartments, UL42 (11, 20) and ICP4 (27, 39) do not localize to prereplicative sites but show a diffuse nuclear distribution when viral DNA replication is blocked. Cellular factors also localize to viral DNA replication structures. The cellular proteins proliferating cell nuclear antigen, Rb, p53, and RPA-1 colocalize with ICP8 at prereplicative sites and replication compartments (47) , and the host cell DNA replication apparatus is localized to prereplicative sites (12) . The host DNA replication apparatus is active at these sites as evidenced by bromodeoxyuridine (BrdU) labelling under conditions in which only cellular DNA is being replicated.
In addition to being localized to prereplicative site struc-tures, ICP8 is necessary for the redistribution of the host DNA replication apparatus and formation of these structures (12) and for localization of HSV Pol to these sites (3). In contrast, functional Pol is not required for ICP8 localization to prereplicative sites (3). Calder et al. (4) reported that UL9 and the helicase-primase complex when expressed together under immediate-early conditions could localize to punctate structures in the nucleus. Although that study argued that ICP8 is not required for formation of these structures, low-level expression of ICP8 can occur in cells infected under similar immediateearly conditions (40) . Therefore, a role for ICP8 in localization of these proteins cannot be ruled out by those experiments. The assembly of multiple HSV DNA replication proteins at discrete sites in the infected cell nucleus provides a system to study the mechanisms regulating assembly of high-order protein complexes in the cell nucleus. In this study, we have utilized viruses defective for each of the DNA replication proteins and examined localization of ICP8, UL8, and Pol in cells infected with these mutant viruses in an attempt to define an assembly pathway for the HSV DNA replication proteins in the infected cell nucleus.
MATERIALS AND METHODS

Cells and viruses.
African green monkey kidney (Vero) cells were propagated in Dulbecco's modified Eagle's medium (Irvine Scientific) containing 10% fetal calf serum (Gibco)-2 mM L-glutamine, streptomycin, and penicillin. The wildtype (wt) HSV strain KOS was originally obtained from P. Schaffer (Dana-Farber Cancer Institute). Viruses mutated in the replication protein genes, hr99 (UL5 (19) , and hr94 (UL9 Ϫ ) (31) were provided by S. Weller (University of Connecticut Health Center). The strain 17 syn ϩ UL42 mutant virus, Cgal⌬42, is a lacZ insertion mutant (25) provided by P. Johnson (University of California, San Diego). The Pol mutant virus, HP66 (32) , was provided by D. Coen (Harvard Medical School). The ICP8 gene deletion mutant virus, KOS1.1 d301, has been described previously (16) . In all infections, virus was allowed to bind to cells for 1 h at 37ЊC. The inoculum was then removed, and cells were incubated in 199 medium (Gibco) containing 1% calf serum for another 4.5 h prior to fixation (5.5 h postinfection).
Reagents and antibodies. The 39S mouse monoclonal antibody (MAb) (43), which is specific for ICP8, was prepared from supernatant of ascites tumors formed by hybridoma cells obtained from the American Type Culture Collection. This MAb recognizes a conformational epitope on ICP8 that is preferentially found when the protein is localized to prereplicative sites or replication compartments (10, 18, 44) . The 3-83 rabbit serum was prepared by immunization of rabbits with purified ICP8 (27) and at appropriate dilutions recognizes all forms of wt ICP8 (10) . The Be5 mouse MAb recognizing the viral polymerase (45) was provided by D. Coen. The 5H11D6 mouse MAb specific for UL42 (15) was provided by M. Gao and R. Colonno (Bristol-Myers Squibb). The 80K rabbit serum recognizing UL8 was generously provided by S. Weller. The secondary antibodies, rhodamine isothiocyanate (RITC)-conjugated goat anti-mouse immunoglobulin antibody and fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit immunoglobulin antibody, were obtained from Cappel Laboratories. Expression vector plasmids encoding the HSV DNA replication proteins under the control of the cytomegalovirus immediate-early promoter enhancer were originally constructed by Heilbronn and zur Hausen (22) and provided by D. Hayward (Johns Hopkins School of Medicine).
Indirect immunofluorescence. Cells were grown on coverslips and infected with virus in the presence or absence of PAA (400 g/ml), acyclovir (25 M), hydroxyurea (10 mM), or aphidicolin (10 g/ml) as indicated. At 5.5 h postinfection, cells were fixed in 2% formaldehyde in phosphate-buffered saline (PBS [pH 7.6]) and permeabilized in 100% acetone for 2 min at Ϫ20ЊC or in 0.2% Triton X-100 for 10 min at room temperature. Cells were then washed in PBS and reacted with primary antibody (3-83 diluted 1:50; 39S diluted 1:30; 80K diluted 1:20; Be5 diluted 1:10; 5H11D6 diluted 1:30) for 30 min at 37ЊC. Cells were then rinsed three times for 5 min in PBS and reacted with the appropriate secondary antibody (diluted 1:100) for 30 min at 37ЊC. They were then washed three times for 5 min in PBS, rinsed in water, and mounted in glycerol-gelatin (Sigma) containing 1.3 mg of p-phenyldiamine (Sigma) per ml. Fluorescence and phase-contrast microscopy were performed with a Zeiss standard microscope equipped with a Plan Neofluar 63ϫ objective lens. At least 100 to 200 stained cells in each sample were scored for localization of the viral protein to punctate nuclear structures or diffuse nuclear localization.
BrdU labeling. Vero cells were mock infected or infected with the hr8060 or hr99 mutant viruses in the presence of PAA. To allow detection of de novo cellular DNA synthesis, infections were labeled with the thymidine analog BrdU for 1 h before fixation (12) at 5.5 h postinfection. Dual-label immunofluorescence was performed with a MAb (obtained from Becton Dickinson) to detect BrdU and 3-83 serum to detect ICP8.
Transfections. Vero cells were transfected with a total of 16 g of DNA per coverslip by the calcium phosphate precipitation method in a total volume of 0.5 ml as described previously (28) . The precipitate was allowed to incubate on cells for 30 min, and then 1 ml of Dulbecco's modified Eagle's medium-2% fetal calf serum was added to each well. The medium was changed to Dulbecco's modified Eagle's medium-6% fetal calf serum 5 h later, and the cultures were incubated for 48 h until processed for immunofluorescence as described above.
RESULTS
Viral replication protein requirements for localization of ICP8 to prereplicative sites. To define the viral replication proteins required for localization of ICP8 to prereplicative sites, we examined the localization of ICP8 in cells infected with viral mutants each defective for one of the other six essential replication proteins. The 3-83 antiserum, which detects all forms of ICP8 when used at appropriate dilutions (10), allowed us to detect ICP8 throughout the cell by immunofluorescence and to determine which replication proteins are 
necessary for localization of ICP8 to prereplicative sites. ICP8 localized to prereplicative sites in cells infected with wt virus and treated with PAA ( Fig. 1A ) and in cells infected with the Pol mutant ( Fig. 1E ). This is consistent with previous work showing that Pol is not required for ICP8 localization (3, 38) . ICP8 also localized to prereplicative sites in cells infected with the UL42 mutant virus (Fig. 1C ). In these three situations, the majority of cells expressing ICP8 showed localization to nuclear punctate prereplicative sites (Table 1) . Although the percentage of UL42 mutant virus-infected cells showing a punctate distribution for ICP8 was slightly less than that for wt or Pol mutant virus-infected cells in this experiment, this difference was not observed consistently (29) . Therefore, UL42 was also not required for ICP8 localization to these structures. In contrast, in cells infected with the UL5 mutant virus (Fig. 1B) , the UL8 mutant virus (Fig. 1D ), the UL52 mutant virus (Fig.  1F ), or the UL9 mutant virus (Fig. 1H ), ICP8 showed a diffuse distribution throughout the nucleus. No cells with prereplicative sites were observed in these infections (Table 1) . To rule out the possibility that the diffuse ICP8 obscured any prereplicative sites present, we performed immunofluorescence with the 39S MAb, which recognizes preferentially ICP8 localized to DNA replication structures. Cells infected with UL5, UL8, or UL9 mutant viruses showed no staining with the 39S MAb (44), providing further evidence that no prereplicative sites were formed in these cells. Furthermore, sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis showed that ICP8 was expressed at approximately equal levels in all of these infections (29, 44) . Therefore, ICP8 was not overexpressed in the latter infections and was not likely to be obscuring prereplicative sites. We conclude from these experiments that the three members of the helicase-primase complex and the origin-binding protein are all necessary for localization of ICP8 to prereplicative sites in infected cells. Viral replication protein requirements for localization of UL8 to prereplicative sites. We examined the localization of the UL8 protein as a marker for the intracellular distribution of the helicase-primase complex because UL8 has been shown to localize into the nucleus and promote the nuclear entry of the UL5 and UL52 proteins (4) . Using a rabbit anti-UL8 serum for immunofluorescence, we detected UL8 in replication compartments in cells infected with wt virus (Fig. 2C ) and in punctate nuclear structures in cells infected with wt virus in the presence of PAA (Fig. 2A) . Cytoplasmic staining was also observed in virus-infected cells ( Fig. 2A and C) . Because this staining was greatly reduced in cells treated with PAA ( Fig.  2A) , it was likely that much of this cytoplasmic staining represented binding of the rabbit immunoglobulin to the viral late Fc receptor in the Golgi apparatus (3). We have therefore focused on the nuclear staining which is specific for UL8. In addition, the nuclear punctate structures containing UL8 (Fig.  3B ) colocalized with sites containing ICP8 (Fig. 3A) , demonstrating that UL8 localized to prereplicative sites. To determine which of the other six replication proteins were necessary for the localization of UL8 into prereplicative sites, we exam- (Fig. 4B) , the UL5 mutant (Fig. 4E) , the UL52 mutant ( Fig. 4G ), or the ICP8 mutant (Fig. 4D ), UL8 exhibited a diffuse nuclear distribution (Table 2 ). In contrast, in cells infected with the Pol mutant (Fig. 4A ) or the UL42 mutant (Fig. 4C ), UL8 localized to nuclear punctate structures. Thus, we conclude that the other helicase-primase components, UL5 and UL52, the origin-binding protein, UL9, and the ICP8 single-stranded DNA-binding protein are all necessary for the localization of UL8 to prereplicative sites, whereas Pol and the UL42 accessory protein are not necessary for this localization. Viral replication protein requirements for localization of Pol to prereplicative sites. We had shown previously that ICP8 is needed for localization of HSV Pol to prereplicative sites (3), but there was no information available on the role of the other viral DNA replication proteins in Pol localization. We therefore used immunofluorescence to examine Pol localization in cells infected with wt virus or mutant viruses defective for the other replication proteins. The specificity of the Be5 MAb was shown by replication compartment staining in cells infected with wt virus (Fig. 5A ) and the absence of staining in cells infected with the Pol Ϫ virus (Fig. 5H) . In cells infected with wt virus and treated with PAA, approximately 45% of the cells staining for Pol showed localization of Pol to prereplicative sites (Fig. 5C and Table 3 ). However, in cells infected with the UL9 mutant (Fig. 5B) , the UL5 mutant (Fig. 5E ), the UL8 mutant (Fig. 5G) , or the UL52 mutant virus (Fig. 5I ), Pol showed a diffuse nuclear distribution in all cells (Table 3 ). In cells infected with the UL42 mutant virus, Pol was localized to punctate structures in about 13% of the cells that stained (Fig.  5D and Table 3 ), a level approximately threefold lower than that of the wt. We conclude that UL42 increases the efficiency of Pol localization to prereplicative sites while the other five viral replication proteins are necessary for localization of Pol to prereplicative sites.
Viral protein requirements for ICP8 localization to prereplicative sites in transfected cells. ICP8 can localize to the nucleus of cells transfected with the ICP8 gene but generally shows a diffuse distribution (17) . In cells transfected with the ICP8 gene and the genes encoding UL5, UL8, and UL52, ICP8 localized to punctate structures resembling prereplicative sites (reference 44 and Fig. 6A ) in approximately 40% of the cells (Table 4) . We therefore transfected various combinations of the helicase-primase genes into cells to determine the minimal requirements for localization of ICP8 to these structures. When expressed alone, ICP8 was distributed diffusely throughout the nucleus (Fig. 6B and Table 4 ). Transfection of any combination of two of the genes encoding components of the helicase-primase complex was not sufficient for ICP8 localization to punctate structures (Fig. 6D to F and Table 4 ). Therefore, all three of the helicase-primase components are necessary for ICP8 localization to these prereplicative site-like Effects of DNA synthesis inhibitors on the intranuclear localization of ICP8 and Pol. During the course of our experiments, we noted that several viral mutants exhibited altered ICP8 staining patterns when PAA was added to the cultures. While cells infected with the UL5 mutant virus normally showed a diffuse ICP8 distribution (Fig. 7C) , cultures infected in parallel but maintained in the presence of PAA contained some cells exhibiting a punctate distribution of ICP8 at 5.5 h postinfection (Fig. 7D) . Similar results were observed with the UL8 mutant ( Fig. 7E and F) , the UL52 mutant ( Fig. 7G and  H) , and the UL9 mutant virus (29) . Therefore, PAA seemed to reduce the viral gene requirements for localization of ICP8 to punctate structures.
To determine whether this redistribution was specific for PAA or a more general effect of inhibition of DNA synthesis, we employed three other DNA synthesis inhibitory drugs: acyclovir, hydroxyurea, and aphidicolin. The addition of any of these drugs to cells infected with UL5, UL8, UL52, or UL9 mutant viruses also resulted in the redistribution of ICP8 from a diffuse nuclear pattern to punctate structures (29) . Therefore, the effect was not specific for PAA but instead appeared to be common to several DNA synthesis inhibitors.
To determine if ICP8 expressed alone would redistribute in the presence of PAA, we transfected the ICP8 gene into cells in the absence or presence of PAA ( Fig. 8A and C) . We did not detect any change in the localization of ICP8 upon the addition of PAA under these conditions. Therefore, additional viral factors appeared to be necessary for localization of ICP8 to the prereplicative site-like structures induced in the presence of PAA. The punctate structures formed by the mutant viruses in the presence of PAA showed some properties similar to but some properties different from those of prereplicative sites. Therefore, we wished to further characterize these structures. One feature of prereplicative sites is that residual host cell DNA synthesis as detected by BrdU labelling of cellular DNA colocalizes with ICP8 in a subset of prereplicative sites (12) . Therefore, we labeled mutant-infected cells for 1 h with BrdU and performed double-label immunofluorescence analysis with anti-BrdU and ICP8 antibodies to determine if host cell DNA synthesis occurred at the punctate structures formed in mutant infected cells in the presence of PAA. In cells infected with the UL8 mutant virus, ICP8 localized to punctate structures in a subset of cells (Fig. 9A ) which corresponded to the subset of cells labeled with BrdU (Fig. 9B) . On the other hand, cells showing diffuse ICP8 (Fig. 9A ) did not label with BrdU (Fig.  9B) . A similar correlation between punctate ICP8 distribution and BrdU labeling was observed in UL9 mutant-infected cells as well (Fig. 9C and D, respectively) . This indicated that cells that were not actively replicating DNA exhibited diffuse nuclear ICP8, whereas those cells that were replicating DNA contained ICP8 in punctate structures. Therefore, active cellular DNA synthesis or some component of the host cell DNA replication apparatus appeared to be necessary for formation of prereplicative sites in the mutant-infected cells. Hence, we conclude that the punctate structures formed in the mutantinfected cells with PAA differ from prereplicative sites in that formation of the punctate structures in the mutant-infected cells has an apparent requirement for cell DNA synthesis or S phase factors. Treatment of cells with DNA synthesis inhibitory drugs may make these factors more available for interaction with the HSV proteins.
DISCUSSION
The availability of viral mutants defective for each of the seven HSV-encoded gene products essential for viral DNA replication and antibodies or antisera specific for some of these proteins allowed us to define a pathway for assembly of the HSV DNA replication proteins into prereplicative sites in infected cells (Fig. 10) . Prereplicative sites were originally defined as structures in which ICP8 and other viral DNA replication proteins localize in cells when viral DNA replication is inhibited by PAA, hydroxyurea, or a Pol defect (38) . We proposed that these structures might be sites of accumulation of host and viral molecules involved in DNA synthesis. Subsequently, we observed punctate structures similar to prereplicative sites at early times of normal infection which colocalize with BrdU labeling sites and appear to grow into replication compartments (12) . Furthermore, release of a block in viral DNA synthesis allows a redistribution of ICP8 from prereplicative sites to replication compartments (38) . Thus, there are several lines of evidence that prereplicative sites can serve as precursors to replication compartments, making the pathway for formation of prereplicative sites an important step in viral growth. Under conditions that most closely mimic natural infection, virus-infected cells in the absence of drugs, five viral proteins are necessary for formation of prereplicative sites: UL5, UL8, UL52, UL9, and ICP8. In contrast, two of the essential DNA replication proteins, Pol and the UL42 accessory protein, are not required for assembly of prereplicative sites. As a result of these observations, we have formulated the model in Fig. 10 showing the five proteins initially coassembling to form prereplicative site structures in infected cells. Although not shown, cellular proteins likely play an essential role in defining the intranuclear location (13) or structure of these sites. After assembly of the five proteins, Pol and UL42 are illustrated as binding to the structure. Although ample evidence exists for Pol localization to prereplicative sites, there is no evidence for specific staining of prereplicative sites with UL42 antibodies (11, 20, 29) . This model shows UL42 as assembling onto prereplicative sites because we have observed that UL42 increases VOL. 70, 1996 ASSEMBLY OF HSV DNA REPLICATION PROTEINSthe localization of Pol to prereplicative sites and because UL42 shows a tight interaction with Pol. The paradoxical lack of UL42 staining in prereplicative sites may be explained by the masking of epitopes on UL42 when it is assembled at prereplicative sites, as observed for the ␤ subunit or processivity factor for the Escherichia coli Pol III enzyme when it is part of the Pol-template complex (24) . Alternatively, the large excess of UL42 not bound to Pol may obscure the small amount localized to prereplicative sites. Further studies are needed to address whether UL42 is localized to prereplicative sites and the nature of the interactions between all of these proteins that promote formation of this nuclear structure in infected cells. Punctate structures and their relationship to prereplicative sites. Structures similar to prereplicative sites but with slightly different properties form under certain conditions. First, when cells are transfected with the ICP8, UL5, UL8, and UL52 genes, ICP8 localizes to punctate structures resembling prereplicative sites. While the three components of the helicaseprimase complex are required, UL9 is not required. Therefore, the viral protein requirements for formation of these structures are less than those for formation of prereplicative sites in infected cells. Because UL9 is also not needed for HSV DNA replication proteins to amplify cellular DNA sequences in transfected cells (22) , it seems likely that in transfected cells, the HSV DNA replication proteins can assemble onto a cellular origin-binding protein or other protein to form a functional DNA replication complex at specific sites in the cell nucleus. On the basis of these results, we predict that prereplicative site formation in infected cells involves the binding of UL9 to a viral DNA genome and the concomitant assembly of the other viral proteins. We are currently performing in situ hybridization to determine if the parental HSV genomes are located at prereplicative sites.
Second, the addition of DNA synthesis inhibitory drugs to cells infected with certain mutant viruses caused a redistribution of ICP8 from a diffuse pattern to punctate structures in some cells. These punctate structures were formed only in cells in S phase. We interpret these results to mean that the drugs could alter the host cell DNA replication machinery or some host cell component present only during S phase to allow interaction of the viral proteins with host cell proteins. By facilitating this virus-host interaction, these drugs appear to bypass a requirement for certain viral proteins in the assembly of DNA replication structures involving ICP8. In combination, the studies of HSV DNA replication protein localization and induction of cellular DNA amplification argue that HSV replication proteins have an intrinsic ability to interact with components of the host cell nucleus and/or DNA replication apparatus. This could be a consequence of viruscell interactions at several levels. First, this may reflect the normal interactions needed to anchor the HSV DNA replication proteins onto the nuclear framework or nuclear matrix. In this regard, it should be noted that the location of replication compartments is defined by the host cell nuclear architecture, because the sister nuclei of cells that are binucleate prior to infection have similar numbers, shapes, and locations of replication compartments (13) . Second, this may reflect the normal interactions between the HSV DNA replication complex and individual cell factors that participate in viral DNA synthesis. Finally, this may reflect the interaction between viral and cellular proteins needed to recruit the complete cellular DNA replication apparatus into prereplicative sites (12) , which may be used in part or in its entirety in some way for viral DNA synthesis.
Role of ICP8 in prereplicative site formation. There has been some apparent disagreement concerning the role of ICP8 in assembly of viral DNA replication structures in infected cells. At this point, we have accumulated sufficient information to attempt to reconcile some of the differences between these conclusions. We previously concluded (13) that ICP8 ''plays a role in organizing DNA replication proteins within the cell nucleus. . .,'' but others (20) reworded our conclusion as stating that ICP8 is ''the major organizational protein responsible for attracting other replication proteins to prereplication sites. . .,'' clearly a different conclusion. We originally proposed (12) that ''ICP8. . .may act in concert with other viral proteins to recruit cellular DNA replication protein complexes to the new locations.'' Although Goodrich et al. (20) stated that their results disagreed with our conclusions, they in fact stated that ''ICP8 may act in concert with other proteins to direct the replication proteins to sites in preparation for DNA synthesis.'' Thus, the conclusions from the two studies are actually strikingly similar. It is clear that ICP8 does play a role in assembly of prereplicative sites, and furthermore, evidence now shows that ICP8 does act in concert with other viral proteins, namely UL5, UL8, UL52, and UL9, to form prereplicative sites.
The definition of a pathway of assembly for this nuclear structure provides one perspective on the nature of the protein-protein interactions occurring between HSV DNA replication proteins. It will be of interest to examine prereplicative site formation in cells infected with viruses encoding DNA replication proteins with known defects in specific interactions with other proteins from in vitro studies to determine how those interactions contribute to assembly of these structures in infected cells.
